Introduction
Trees and woods have been used as a structural material due to their unique properties such as durability, hydrophobicity, lightness, low heat conductivity, strength and lack of optical property. Humans have been exploiting woods as a choice material for housing, furniture, art, musical instruments, fiberboard, cardboard and paper. When we think of biological stability of wood, the first thing that comes in our mind is the components of woods responsible for the extraordinary structural properties of this complex material. The chemical structure of wood cells varies with tree species and location within the individual cell of the tree. The cell wall of wood is made up of three complex polymers that are cellulose, hemicellulose, and lignin. These complex polymers of wood are not easily biodegradable. Plant cell walls are composed of cellulose and hemicelluloses. Cellulose and hemicelluloses are present in the form of insoluble crystalline fibers that are degradable but the process is very complex due to the involvement of several enzymatic pathways.
In 1836, French chemist Anselme Payen found that the plant materials contain a polymeric substance that are resistant to extraction. The resistant substance was identified as cellulose, a linear polymer of β-(1,4)-linked glucopyranose units. The supportive structure of the cellwall is due to the cellulose fibrils. Hemicellulose is one of the important constituents of the cell wall of wood that not only surrounds cellulose and provides flexibility to the cell wall but also helps in nutrient transport among young cells. Pentoses (D-xylose and L-arabinose), hexoses (D-glucose, D-galactose and D-mannose) and uronic acids (D-glucuronicacid, 4-O-methyl-D-glucuronic acid, D-galacturonic acid) with partially acetylated hydroxyl groups are the important constituents of hemicelluloses. The side chains of these polymers are functionally important because they do not allow aggregation of the individual molecules and make them more water soluble. It creates a gel-like porous structure of young plant cell walls. Lignin, third major component of cell wall is the most abundant aromatic polymer and the second most organic polymer on the earth. Plants ability to grow in erect manner and their bending in response to loads are due to the strength and flexibility properties of lignin present in the cell walls. The lignin is known to protect the cellulose and hemicellulose against microbial attack. It also plays an important role in transport of aqueous nutrients from the roots to the leaves of plants. The combination of these cell wall materials makes the wood less biodegradable than the individual components. Few fungal species have been reported in order to degrade all three major constituents of plant cell walls.
Lignin is the complex carbohydrate possessing a high molecular weight and consisting of various biologically stable linkages (Perez et al., 2001 ). Because of the low biodegradability of lignin and large lignocellulosic waste generated through various industries such as timber, paper and pulp causes a serious pollution and toxicity problem in aquatic ecosystem.
Lignocellulose
Lignocelluloses account for major part of biomass in nature. It is not only a renewable organic material but also the important structural constituent of all plant cell wall. Lignocellulosic wastes are released in large amounts by many industries. Lignocellulose is mainly consists of cellulose (40%), hemicelluloses (30%), and lignin (30%). These components are not uniformly present in the plant cell wall. The S2-layer of the secondary wall consists cellulose abundantly while the middle lamella is rich in lignin (Fig.1.) .
Lignocelluloses degradation
Cellulose is a linear homopolymer,consisting of monomers of of β-D-glucopyranose. The stereochemical units are bound together by β-1,4-glycosidic bonds. The cellulose-degrading microorganisms are widespread, and especially secrete several enzymes to degrade this polymer. Aerobic microorganisms produce carbon dioxide by oxidizing cellulose. Anaerobic degradation results into release of glucose. Basidiomycetes (white-rot and brown-rot), Ascomycetes, Deuteromycetes (soft-rot), and anaerobic (rumen) fungi are the group of cellulose degrading microorganisms (Eriksson et al., 1990 ).
Hydrolysis of cellulose and hemicellulose has been studied since the 1950s, with the fungus Trichoderma reesei serving as the model organism (Gilligan and Reese 1954) . T. reesei is used for the production of cellulose degrading enzymes at industrial scale. Degradation of crystalline cellulose is an enzymatic process including endo-β-1,4-glucanases, cellobiohydrolases and β-glucosidases.
Hemicelluloses consist of both linear and branched heteropolymers. It mainly contains five monomeric sugars, namely D-glucose, D-mannose, D-galactose, D-xylose and L-arabinose linked together by β-1,4-glycosidic bonds. Covalent bonding between hemicelluloses and lignin provides additional strength to the plant. Xylan is the major hemicelluloses of hardwoods that interact with lignin and cellulose. Softwood hemicelluloses include galactoglucomannans, arabinoglucuronoxylan, and arabinogalactan. Hemicelluloses are degraded more easily than cellulose because of low polymerization and amorphous properties (Kuhad et al., 1997) . Hemicelluloses are degraded by the same type of organisms as cellulose, but this degrading method requires different enzymes. Endo-1,4-β-xylanases,β-D-xylosidases, α-glucuronidases, acetyl xylan esterases, andferulic / coumaric acid esterases are obtained after complete hydrolysis of birch xylan. Lignin blocks the hydrolysis of cellulose and hemicelluloses in woods.
In the 1890s, Peter Klason was the first to identify that ligninis a polymerized form of coniferyl alcohol. Later Vanholme and Demedts (Vanholme et al., 2010 ) provided a recent update on the lignin structure. Lignin is an aromatic polymer that is obtained from phenylalanine, one of the natural amino acids. It is generally thought to be racemic, which implies that even adimer can exist as different stereoisomers. Lignin contains different functional groups such as hy- droxyl, methoxyl, carboxyl and carbonyl groups that depend on the source. It forms covalent bonding with cellulose and hemicellulose that makes it difficult to purify. Most of the covalent bonds that join lignin to plant polysaccharides are thought to be ether and ester bonds (Bjorkman 1957) . The basic structure of natural lignin is complex, made up of monolignols. p-coumaryl alcohol, sinapyl alcohol, and coniferyl alcohol are the building blocks of monolognol (Fig. 2) . Once these building blocks reach the secondary cell wall, lignin polymer is formed from them by radical polymerization by peroxidases or by laccases. Monolignol radicals form dimmers by reacting in different ways. These dimers are oxidized to form radicals that can react either with a monolignol radical or with another dimeric radical. It results in the formation of very large and complex polymeric species.
Biodegradation of lignin is difficult because of its structural complexity and macromolecular properties. None of the organisms are known to actually degrade lignin into simpler form. Few organisms are known to digest lignin partially but these organisms digest only the polysaccharide part. Some bacteria can utilize monolignols as an energy and carbon source. There are reports that some bacteria digest plant cell walls by tunneling, erosion, and cavitation mechanism (Yan and Yang 2008) . However, since lignin almost always contains sugars, it is likely that these processes depend on energy derived from the sugars. It takes maximum time to achieve roughly 10% degradation of lignin below 1,000 Daltons in molecular weight. Oxygen is a necessary criterion for the lignin hydrolysis. Bacteria cannot metabolize lignin because the molecule is too large to handle, and its activation energy is too high (Lane 2006) . There is no suitable assay for lignin degradation. Quantitative estimation of lignin is done by using Kappa number and Klason. Kappa number is an essential factor in the industry such as pulp and paper. In the recent years, the radioactive lignin has solved many problems in lignin degradation. Microbial hydrolysis of lignin has become possible after the development of 14C-labelled lignins.
Lignin degrading microorganisms
Unspecific and extracellular enzymes are necessary for the biodegradation of lignin due to its random structure and high molecular mass. Degradation of lignocellulose results into accumulation of lignin. In the environment, lignin is probably hydrolysed by a group of microorganisms. Degradation may be aerobic or anaerobic depending upon the environments.
Fungi and their lignin degrading ability
Degradation of lignin depends upon various environmental parameters. The environmental factors are responsible for the growth and metabolism of the fungi that promote the degradation of lignin. Temperature, pH, carbon and nitrogen sources are one of the most influencing parameters affecting fungal growth. Nitrogenous compounds at low and high levels play an effective role in the fungal growth. According to Dix and Webster (Dix et al., 1995) , lignin degradation is optimum at low nitrogen level. Fungi hydrolyse hemicelluloses more easily than cellulose hydrolyzation. White-rot fungi are one of the most proficient lignin degraders in nature.
White-rot fungi
White-rot fungi can degrade lignin more rapidly than any other microorganisms and they are responsible for most of the lignin digestion in nature. Most known white-rot fungi are Basidiomycetes. The fungi are causative agent for the lignin degradation from the wood resulting bleached appearance. The whiterot fungus, Phanerochaete chrysosporium, degrades one gram of various isolated lignins per gram of fungus (dry weight) in 48 h under aerobic conditions. It results into production ofabout 70% CO 2 and 30% low-molecular-weight water-soluble compounds (Ulmer et al., 1983) . The fungus uses not only lignin as substrate but also hemicelluloses and cellulose (Blanchette 1995) . The degradation of lignin occurs at the end of primary growth by secondary metabolism in the absence of various nutrients, such as nitrogen (Hatakka 2001 ). Fungal attack is an oxidative and non-specific mechanism. It decreases methoxy, phenolic, and aliphatic content of lignin. It also cleaves aromatic rings, and forms new carbonyl groups (Hatakka 2001). It results into reduction in aliphatic, methoxy and phenolic content of lignin. Depolymerization of lignin by fungi is a non-specific and oxidative mechanism that results into production of carbon dioxide White-rot fungi are known to degrade lignin either selectively or simultaneously (Hatakka 2001 ). There is an abundant degradation of lignin and hemicellulose compared to cellulose in selective type of degradation. Ceriporiopsis subvermispora, Dichomitus squalens, Phanerochaete chrysosporium follow selective decay mechanism. On the other hand simultaneous or non-selective type of degradation is the type of digestion in which all the components of lignocellulose are decayed equally (e.g. Trametes versicolor and Fomes fomentarius) (Hatakka 2001) . Ganoderma applanatum, Heterobasidion annosum, and Phellinus pini degrades through both types of decay mechanism (Rayner and Boddy 1988) . White-rot fungi are known to grow both on hardwoods and softwoods. Phanerochaete chrysosporium and Phlebia radiate are the best studied white-rot fungi which degrade lignin selectively whereas Trametes versicolor degrades lignin non-selectively (Hatakka 1994 ).
The mechanism used by white-rot fungi provides several advantages for pollutant degradation at higher concentrations. White-rot fungi are able to digest a variety of pollutants since the lignin degrading system is non-specific and free radicals-based in nature. White-rot fungi have advantages over bacteria by degrading low concentrations of pollutants. The fungi can be cultivated on cost effective substrates and liquid media. The oxygen radicle of the fungi has the ability to oxidize to biomolecules of other organisms that result into the death of the particular microorganism. The fungus avoids the growth of other microbe into the medium by adjusting the pH of the medium by plasma membrane dependent redox system. The fungi produce various enzymes involved in conversion of lignin into water-soluble compounds
Brown-rot fungi
The rate of degradation of cellulose and hemicellulose by brown-rot fungi is faster than lignin. The mode of digestion of these biopolymers by white-rot fungi is different compared to other microorganisms. The degradation mechanism is non-enzymatic and lacks exoglucanases (Blanchette 1995) . Demethylation of phenolic and non-phenolic units cause chemically modification in lignin (Eriksson 1990 ) that results into aromatic hydroxylation and ring cleavage (Kirk and Farrell 1987) . Demethylation of lignin by brown-rot fungi is activated in the presence of wood (Niemenmaa 1992) . Methoxyl groups of lignin can be mineralized using brown-rot fungi. Softwood, compared to hardwood favours the growth of brown-rot fungi more efficiently (Blanchette 1995) . Brown-rotted wood is brown in colour, which consists of modified lignin residues in high proportion and little carbohydrates, and it persists in the forest for a longer period. Modified non-degraded lignin of the wood is mainly degraded by brown-rot fungi. The residue is brown in colour, containing modified lignin and may persists in the forest for long time without any further hydrolysis. Destruction of wooden structures is caused by mainly two brown-rot fungi, Serpula lacrymans and Gloephyllum trabeum.
Soft-rot fungi
Soft-rot fungi belong to Ascomycotina or Deuteromycotina. They have the ability to degrade hardwood more frequently than softwood (Kuhad 1997 ). The rate of degradation of wood component by soft-rot fungi is slower compared to white-rot and brown-rot fungi (Eriksson 1990 ). Soil, compost, piles of woodchips, hay, or straw favours the growth of Soft-rot fungi (Daniel and Nilsson 1998) . Soft-rot fungi can degrade all components of wood with slow and partial degradation of lignin. Lignin digestion by soft-rot fungi has also been studied with radiolabelled compounds (Falcón 1995; Rodriguez 1996) . Soft-rot fungi can adapt more in adverse environmental conditions such as different temperature, pH, and oxygen limitation than white-rot and brown-rot fungi. Soft-rot fungi degrade vanillic acid (lignin related compound) and phenols rapidly (Haider and Trojanowski 1980) . It clearly indicates that soft-rot fungi are potential lignin degraders in mixed microbial populations.
Bacteria
Pure bacterial strains are unable to degrade lignin efficiently. The mechanism of lignin degradation by bacteria is more specific than that of fungi because one bacterial species can cleave only one type of bond in the lignin (Vicuna 1993 ). Thus, bacteria digest lignocellulose either in mixed bacterial cultures, or in the co-culture of bacteria and fungi (Daniel and Nilsson 1998) . Wood-degrading bacteria can tolerate a wide range of abiotic factors than fungi. The degradation rate of wood is extremely slow by using a bacterial population alone. The major form of decay by bacteria is water-logged wood (Blanchette 1995) . Actinomycetes and eubacteria have been known to degrade extracted lignin (Buswell and Odier 1987) . Actinomycetes have the ability to digest and modify the lignin structure extensively, but in limited way (Buswell and Odier 1987) . Degradation of lignin by Actinomycetes differs from white-rot fungi. Actinomycetes digest lignin as primary metabolic activity while white-rot fungi degrade lignin via their secondary metabolism. Actinomycetes frequently digest lignin polymer to acid precipitable polymeric lignin (APPL). APPL contains not only minor amounts of carbohydrates, proteins, organic nitrogen, and inorganic material but also lignin polymer. Streptomyces and Nocardia have also been shown to digest some ligninin soil (Haider and Trojanowski 1980) . Erosion, cavitation and tunneling bacteria are the types of lignin-degrading eubacteria (Blanchette 1995) . Wood saturated with water and lack of aerobic conditions is good source of bacteria for lignin degradation. Erosion bacteria and tunneling bacteria grow efficiently towards the middle lamella of the wood cells and within the cell wall respectively. Single-ring aromatic compounds can be degraded using Pseudomonas, Alcaligenes, Arthrobacter, Nocardia and Streptomyces sp.
It has also been reported that anaerobic bacteria are capable of hydrolyzing plant fiber cell walls (Kuhad 1997). The aerobic digestion produces an intermediate metabolite called oligolignols, that may be partially hydrolyzed to CO 2 and CH 4 by microorganisms growing anaerobically (Colberg 1988 ). Benner and Hodson (Benner et al., 1985) reported that a high temperature of 55°C increases the lignin degradation through anaerobic process; nevertheless mineralization of DHP stays very low. Chandler and Jewell (Chandler et al., 1980) have established an equation for the anaerobic hydrolysis of different organic materials that is directly related to the lignin content:
where B is biodegradable fraction and X is the lignin content % of the volatile solids. Anaerobic degradation of lignin seems to be very slow compared to the aerobic degradation.
Actinomycetes are important for lignin degradation in mixed population of soils. Bacteria and yeasts present in wood may trigger the growth of white-rot and brown-rot fungi because fungi use these microbes as a growth substrate. In mixed cultures, bacteria consume mainly fungal by-products (Lang 2000).
Lignin degrading enzymes from fungi
White-rot fungi are predominant in nature for lignin biodegradation and they contain non-specific extracellular oxidative enzymes responsible for its degradation. Lignin peroxidase (LiP), manganese peroxidase (MnP), laccase, andhydrogen peroxidegenerating enzymes are the most important classes of enzymes involved in lignin digestion. Apart from the lignin degrading enzymes, Reactive oxygen species is also an important criterion for the decaying mechanism by fungi. The lignin degradation depends upon the types of enzymes released during decaying process. Lignin degrading enzymes cause the oxidation of phenolic compounds and convert it into phenoxy radicals. White-rot fungi are known to secrete not only various enzymes involved in lignin degradation but also produce cellulases, xylanases, and other hemicellulases. White-rot fungi produce mainly manganese peroxidase (MnP) and laccase, but only few of fungi produce lignin peroxidase (LiP) (Hatakka 2001). LiP oxidizes non-phenolic units of lignin and cleaves the Cα-Cβ bond in the lignin molecule. Laccase oxidizes phenolic rings to phenoxyl radicals.
However, lignin degradation is a complex mechanism and the enzymes have probably synergistic effects on each other. The activity of these enzymes is not directly related to the lignin degradation. Apart from these non-specific enzymes, white-rot fungi also secrete cellobiose dehydrogenase (CDH) that may degrade xenobiotics. Lignin peroxidase (LiP), manganese peroxidase (MnP), laccase, and hydrogen peroxide-generating enzymes are involved in the lignin degradation.
Lignin peroxidases (EC 1.11.1.14)
Lignin peroxidases were first discovered in Phanerochaete chrysosporium. Phanerochaete flavido-alba, Bjerkandera sp. strain BOS55, Trametes trogii, Phlebia tremellosa and Phlebia ochraceofulva are well known white-rot fungi that produce lignin peroxidase. Lignin peroxidases can catalyse the oxidative cleavage of Cα-Cβ linkages, side-chain cleavages, benzyl alcohol oxidations and other bonds present in lignin.
Laccases (EC 1.10.3.2)
Laccases are one of the important enzymes for lignin degradation. White rot Basidiomycetes, Ascomycetes and Deuteromycetes are the potential sources of laccases. The fungus Marasmius quercophilus is known to produce laccase at very high temperature (Dedeyan et al., 2000). Laccase (type I, type II and type III) can catalyze phenolic compounds, oxidation of aromatic amines and other compounds via reduction of molecular oxygen to H 2 O 2 . The enzyme plays a significant role in de-methylation of several lignin associated compounds. Sometimes laccases are used along with the mediator due to its size limitation property.
Manganese peroxidase (EC 1.11.1.13)
Basidiomycetes, Polyporaceae, Coriolaceae, Tricholomataceae and Strophariaceae are known to secrete manganese peroxide for lignin degradation. Nitrogen deficient conditions also favour the production of manganese peroxide from fungi. The catalysis by manganese peroxide is initiated by binding H 2 O 2 to the ferric enzyme and forms an iron-peroxide complex (Hofrichter 2002 ).
Other enzymes
Aryl alcohol dehydrogenase, Cellobiose, aromatic acid reductase, vanillate hydroxylase, dioxygenase and catalase are also considered to play a significant role in the degradation of lignin.
The degradation mechanism of cellulose and hemicelluloses from brown-rot fungi differs from other microorganisms. It is a non-enzymatic process that lacks exoglucanases. A brown-rot fungus, Polyporus ostreiformis has been found to release manganese peroxidase and lignin peroxidase, similar to whiterot fungi. There are very few research activities on the enzyme system of soft-rot fungi and their lignin degradation ability. Fusarium oxysporum, Xylaria sp., and Altenaria sp. produce peroxidases. On the other hand, Botrytis cinerea, Myceliophthora thermophila, Chaetomium thermophilium and Paecilomyces farinosus produce laccase. Soft-rot fungi produce laccase in a slower rate compared to Basidiomycetes (Tanaka et al., 2000) .
Enzymes play a significant role in the degradation of lignin by various bacterial species. Extracellular peroxidase has been known as a potential enzyme secreted by Actinomycetes in order to degrade lignin (Mercer 1996) . However, recently it has been investigated that the peroxidase produced by actinomycetes is not a heme peroxidase (Mason et al., 2001 ). Phenol oxidase secreted by Streptomyces cyaneus would contribute in lignin digestion much more than the peroxidase (Berrocal et al., 2000) . Serratia marcescens produced laccase for lignin mineralization and solubilization (Perestelo et al., 1994 ).
Lignin degrading microbes-Past and present
In the current scenario, isolation of lignin degrading microorganisms has become a hot topic among researchers. The scientists have focused on the cultivation of lignin degrading bacteria other than fungi due to easy manipulation of bacteria in laboratory conditions. (Table 1) shows current and past research activities related to lignin decomposing microorganisms from various sources. 
Application of ligninolytic system
The environmental toxicity caused by the rapid industrialization has raised a serious concern worldwide in quest of eco-friendly alternative approach. In the recent years, research has been focused on the biological treatment of industrial effluents using microorganisms. The microorganisms from various kingdom have been implicated in the lignin degradation (Amr 2009 ). Enzymes present in the microorganisms like lignin peroxidases, manganese peroxidases can digest lignin efficiently. Bacteria and fungi are known to degrade the lignin by secreting the above mentioned enzymes.
Paper and pulp industries
Paper and pulp industry is expanding at alarming rates in spite of the environmental issues. More and more paper mills are increasing day by day in the industrialized countries. Industrial waste treatments are very expensive using chemical processes. Microbial treatment is the cost effective approach in order to remove paper and pulp industrial waste by degrading lignin. 
Dye degradation

Composting
Composting is an aerobic and exothermic waste treatment mechanism. Microbes degrade heterogeneous organic matter during composting and release CO 2 , biomass, and humic substances. The end-product is used as fertilizer. The degradation of the waste in compost occurs in three different phases-The first mesophilic phase, thermophilic phase and maturation phase. Fungi, actinomycetes, and unicellular bacteria belong to compost microorganisms. Actinomycetes are known to grow extensively during the cooling and maturation phase. Fungi grow efficiently in compost in all phases. There are very few research activities about the lignin degradation in the compost. White-rot fungi do not adapt in the thermophilic phase of composting, and hence cannot play any significant role in lignin biodegradation. The basidiomycetes fungi appear during the maturation phase (Nusbaumer et al., 1996) . The degradation of lignin depends upon temperature, content of the lignin and the thickness of the material.
Other applications
The lignin-degrading enzymes, especially lignin peroxide, manganese peroxidase, and laccase, are known to play an important role in pollutant bioremediation. Laccases are responsible for the possible degradation of TNT, polyaromatic hydrocarbons (PAHs), PCP, bleach-plant effluents, and synthetic dyes. The activity of theseenzymes has not always correlated with the degradation process. The xenobiotics are known to be degraded by cellobiose dehydrogenase of white-rot fungi (Cameron et al., 2000) .
Products from lignin metabolism
Lignocellulose is a potential renewable and sustainable resource for the production of chemicals, biofuels and polymers. Monosaccharides are obtained from the hydrolysis of lignocelluloses that are used during fermentation processes. An acidic thermochemical pretreatment step is responsible for the bioconversion of lignocelluloses by microbial fermentation. Substances produced during the pretreatment process of the lignocellulosic feedstock inhibit not only the enzymatic hydrolysis but also microbial fermentation steps. Acid-catalyzed hydrolysis or pretreatment of lignocelluloses results into various phenolic compounds and other aromatics (Martin et al., 2002) . Carboxylic acids are also formed during the pretreatment process that establish an acidic environment (Sjostrom et al., 1999; Rowell 2012 ). Lignocellulose hydrolysates contain acetic acid, formic acid, and levulinic acid. Primarily, hydrolysis of acetyl groups of hemicellulose results into acetic acid. On the other hand formic acid and levulinic acid are formed due to acid-catalyzed thermochemical degradation products from polysaccharides. Furfural and HMF (5-hydroxymethylfurfural) are formed due to formic acid degradation, while the degradation of HMF results into the production of levulinic acid (Ulbricht et al., 1984 . The furan aldehydes furfural and HMF are produced by dehydration of pentose and hexose sugars, respectively. The aerobic conditions favour lignin monomers such as ferulic, syringic, and vanillic acids to be metabolized to methane.
Spruce wood lignin degradation by Phanerochaete chrysosporium showed 28 low molecular weight products, containing aromatic carboxylic acids (Chen et al., 1982) and acyclic 2,4-hexadiene-1,6-dioic acids (Chen et al., 1983) . The aromatic acids were all benzoic acid derivatives, indicating that they had arisen from Cα-Cβ oxidative cleavage of lignin components. Phenolic metabolites, such as 4-hydroxy-3-methoxy-3 -hydroxy-propiophenone and 4-hydroxy-5-methoxy-3-carboxybenzoic acid have been reported in biotransformations of lignocellulose using Pseudomonas putida and Rhodococcus RHA1 (Ahmad et al., 2010) . Phenol and guaiacol along with acetovanillone, and 4-vinylguaiacol are well known lignin metabolites detected in soil. Streptomyces viridosporus and Thermobifida fusca metabolises lignin to form a water-soluble intermediate, acid-precipitable polyphenolic polymeric lignin (APPL).
Conclusion and future perspective
The present review represents detailed and deep information on the major role of fungi and bacteria in the biodegradation of lignin. The present study shows several important researches carried out on the lignin biodegradation using various microbes. Ligninolytic system shows broad spectrum of applications in various industries such as paper, dye, chemical etc. But the lignin degradation by microbes isolated so far are not satisfactory at industrial scale. In view of the requirement of lignin biodegradation, there is an urgent need of the hour to isolate and characterize novel microbes including both fungi and bacteria from various unexploited sources with broad lignin degradation ability. Further study in this area will establish a new era with safer and environment friendly approach. Finally, the degradation efficiency of lignin and various pollutants might be enhanced by selecting a sustainable microbial and green technology approach.
